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1. Viruses are submicroscopic obligate parasites that depend on the host cell for their 
growth and reproduction. Plants are infected by diverse group of viruses that 
mostly possess RNA as their genome. In the recent times, many new RNA viruses 
have evolved that possess the potential threat to plants and animals. One among 
them is Tospovirus (Family Bunyaviridae) which has severely affected the 
agricultural productivity in India. One of the Tospoviruses GBNV is a major 
challenge of crop production in south India.  Tospoviruses shares several features 
such as  morphology, genome structure and organization with members of other 
genera in the family Bunyaviridae. Virus particles are 80–120 nm in diameter. The 
genome includes three RNAs referred to as large (L), medium (M) and small (S). 
The L RNA is in negative-sense while the M and S RNAs are ambisense. The L 
RNA codes for the RNA-dependent RNA polymerase (RdRp), and the M RNA for 
the precursor of two glycoproteins (GN and GC) and a non-structural protein 
(NSm). The S RNA codes for the N protein and another non-structural protein 
(NSs). Tospovirus infection is an emerging threat for agricultural productivity in 
India. Therefore, biochemical and molecular characterization of these viruses is 
essential for developing various strategies for control of these diseases. 
   
2. Present thesis deals with biochemical characterization of nonstructural protein, 
NSs of GBNV. 
3. A review of literature on Tospovirus genome organization, replication, 
transcription, translation and assembly is presented in Chapter I. This chapter also 
includes the recent   work on all the proteins encoded by the tospoviruses.  
4. The objectives of the present study are as follows; 
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a. Cloning, expression, purification and biophysical characterizations of rNSs. 
b. Analysis  of its NTPase/dATPase activity 
c. Demonstration of nucleic acid 5’ phosphatase activity 
d.  Characterization of nucleic acid unwinding   activity of rNSs 
5. The materials used in this study and the experimental protocols followed such as 
construction of recombinant clones, their overexpression in bacteria, protein 
purification techniques, site directed mutagenesis and all other biochemical, 
molecular biology are described in chapter II   
6. NSs of TSWV was shown to be suppressor of gene silencing (PTGS) in 2002. 
Since then there has been no further work on this protein.  Till date neither in vitro 
nor in vivo study of NSs of any tospovirus has been carried out in detail. To gain 
insight into the biochemical function of rNSs, the NSS gene was cloned, 
overexpressed in E.coli and purified. The NSS gene, was cloned into pRSET-C 
vector. 
7. Chapter 3 deals with cloning, overexpression, purification and biophysical   
characterization of GBNV NSs in terms of secondary structure analysis as well as 
its interaction with siRNA and ssRNA. The results provide the evidence that rNSs 
was successfully expressed in E.coli and purified (Fig. 3.1). Molecular mass of 
purified rNSs was confirmed by MALDI TOF, which gave the molecular mass of 
expected size 51.5  kDa (Fig. 3.2) Circular dichroism study revealed that rNSs has  
negative ellipticity peak at 215 and 223 nm typical of a globular protein. The 
protein had an emission maximum at 340 nm (Fig 3.3 B) when exited at 280 nm, 
which reflects that rNSs is well folded. Thermal melting study (Fig 3.3 C) showed 
rNSs had a reasonably high Tm (65°C). So overall, spectral study suggested that 
Chapter 7: Summary and conclusion 
 
151 
 
purified rNSs was soluble, well  folded and thermally stable and could be used for 
further biochemical assay. The oligomeric status of the protein was determined by 
size exclusion chromatography to be trimeric (156 kDa, Fig 3.5). Purified rNSs 
was used to raise the polyclonal antibodies in rabbit.  The antiserum could detect 
rNSs specific band only in IPTG induced sample not in uninduced sample (Fig 
3.6). 50% binding was observed at 100 ng/ml of antigen showing that these 
antibodies were of high affinity (Fig 3.7 B). Further, the 50% binding was 
observed at 1:34000 dilution of the antiserum, which suggests that high titer 
antibodies against rNSs were obtained (Fig 3.7 A). 
8. Further, the RNA binding property of rNSs was examined. Synthetic 21 bp siRNA 
and in vitro transcribed 100 nt ssRNA was used to analyze the RNA binding 
property of rNSs. Indeed rNSs was able to bind with 100 nt ssRNA (Fig 3.8 A) or 
21 nt siRNA in a protein concentration dependent manner (Fig 3.8 B). The binding 
however did not require presence of divalent cation such as Mg 2+ (Fig 3.8 C).   In 
order to understand the biological function of rNSs, its interaction with the 
structural protein, NP by ELISA was investigated. rNSs could interact with the NP 
protein (Fig 3.9) . Further 15 amino deletions from C terminus of NP did not affect 
its interaction with rNSs protein (Fig 3.9), which suggest that the C terminal 15 
amino acid residues of NP are not essential for interaction with rNSs in vitro. 
9. Sequence analysis of GBNV NSs revealed the presence of Walker motifs A 
(GxxxxGKT) and B (DExx) in its primary structure (Fig 4.2).  The proteins that 
possess the Walker motifs A and B exhibit ATPase activity.  Therefore, the 
purified rNSs was tested for its ability to hydrolyze ATP in the absence and 
presence of poly(A)  (chapter IV).  rNSs could hydrolyze [γ-32P] ATP in a 
Chapter 7: Summary and conclusion 
 
152 
 
concentration-dependent manner (Fig. 4.3 A).  Further, ATPase activity was 
stimulated in presence of poly(A) (Fig. 4.3 B). Quantitative analysis of reaction 
product suggested that the reaction was linear in the presence of poly(A) upto 1.6 
µg of rNSs (Fig. 4.3 C).  
10. The product of ATP hydrolysis by rNSs had the same mobility as the phosphate 
released by RecoP51 ATPase, a positive control used in the assay. In contrast, 
another viral protein from the Cotton leaf curl virus, His tagged-AV2, purified in 
same way as rNSs, did not show the release of phosphate, suggesting that the 
activity was not due to the histidine tag present at the N-terminus of rNSs. Further, 
no release of phosphate could be seen when immunodepleted rNSs was used 
suggesting that the activity was inherent to the protein and was not due to bacterial 
contamination (Fig 4.3 lane 7).  Time course analysis of ATPase activity revealed 
that the reaction is linear up to 25 mins (Fig 4.4).  Further, pH profile was a typical 
bell shaped curve with a distinct pH optimum at pH 7.0 (Fig 4.5 A) and the 
temperature optimum was at 25 °C (Fig 4.5 B).   Most of the known viral ATPases 
require the divalent cation for their activity. The rNSs exhibited the optimum 
ATPase activity between 2-2.5 mM of MgCl2.  The reaction was inhibited by 
increasing concentration of EDTA demonstrating the requirement of Mg2+ for ATP 
hydrolysis (Fig. 4.7).  Further, the ATPase activity of rNSs was inhibited by 
increasing concentrations of non-hydrolyzable analog of ATP (Fig. 4.8) and was 
not inhibited by AMP (Fig 4.9) suggesting that rNSs is not a nucleotidyl 
phosphatase and is a true ATPase.  Limited proteolysis of rNSs suggested that core 
domain was 23 kDa in size and could catalyze ATP hydrolysis (Fig. 21 and 4.22). 
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11. Interestingly rNSs not only cleaved ATP rather it could hydrolyze all rNTPs as 
well as dATP (Fig 4.10).  Kinetic parameters were determined for its enzymatic 
activity. Comparison of the kinetic constants of rNSs NTPase activity revealed 
little variation, suggesting that the rNSs has a  broad substrate specificity (Fig 
4.10- 4.15 and table 4.1).     
12.  To assess the role of amino acids in Walker motif A and B (Fig. 4.16) site specific 
mutants K189A and D159A were generated ( Fig 4.17) confirmed by sequencing, 
overexpressed in E.coli and purified (Fig. 4.18).  Point mutation in Walker motif B 
(D159A) reduced the ATPase activity (Fig 4.19)    where as point mutation in 
Walker motif A (K189A abolishes the activity (Fig 4.19).     
13. Chapter V deals with the nucleic acid 5’ phosphatase activity of rNSs. 
Experimental evidence presented in this chapter clearly shows that rNSs can cleave 
the single phosphate from the ssDNA, ssRNA, dsRNA and dsDNA. Nucleic acid 
5’ phosphatase activity of rNSs was inhibited by AMP and ATP (Fig 5.2 and Fig 
5.3).  Interestingly the K189A mutant rNSs was as active as wild type rNSs where 
as D159A mutant showed slightly reduced activity (Fig 5.7 C). 
14. As mentioned earlier, rNSs was shown to possesses the RNA stimulated 
NTPase/dATPase activity, a hallmark of all known helicases. Therefore, its nucleic 
acid unwinding activity was examined using dsDNA and dsRNA as a substrate. 
rNSs was able to unwind the dsDNA as well as dsRNA in a ATP dependent 
manner (chapter VI, Fig. 6.1 and 6.5 respectively).  ATP and Mg2+ are essential 
cofactors for the unwinding activity (Fig. 6.1).  While the unwinding activity could 
be observed with ATP and to some extent with dATP, all other NTPs and dNTPs 
failed to support the helicase function of rNSs (Fig 6.2) Further experimental 
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evidence suggested that rNSs is a bidirectional helicase (Fig. 6.3).  D159A 
mutation in Walker motif B resulted in reduced helicase activity where as K189A 
mutation in walker Motif A completely abolished the DNA as well as RNA 
helicase activity of rNSs (Fig. 6.6 and Fig 6.7 respectively). Therefore, mutational 
analysis clearly suggests that helicase activity is an intrinsic property of rNSs. 
15. In conclusion rNSs of GBNV is multifunctional enzyme. This is the first report on 
the demonstration that rNSs is an non canonical ATP dependent helicase in the 
Bunyaviridae family. In addition to being a suppressor of PTGS, NSs may also 
regulate the viral replication and transcription by modulating the secondary 
structure of the viral genome.  This new research finding on NSs might pave way 
for further studies on its role in viral replication and transcription.   
 
 
 
 
 
 
